Introduction: The prognosis of patients hospitalized with acute heart failure (AHF) is poor and risk stratification may help clinicians guide care. The objectives of the Acute Heart Failure Database (AHEAD) registry are to assess patient characteristics, etiology, treatment and outcome of AHF.
Background
Acute heart failure (AHF) is a major and rapidly growing problem responsible for several million hospitalizations worldwide [1, 2] . Heart failure (HF) causes considerable morbidity and mortality, and produces a tremendous burden on health economics worldwide.
The European Society of Cardiology defines AHF as the rapid onset of symptoms and signs secondary to abnormal cardiac function [3] . The clinical classification of patients with AHF continues to evolve, and reflects ongoing changes in the understanding of the pathophysiology of the syndrome [3] [4] [5] . AHF outcomes remain poor. Prevalence of in-hospital mortality as high as 10% and prevalence of re-hospitalization >50% within 1 year have been reported [6, 7] . In the prospective cohort of hospitalized patients with AHF (ADHERE), in-hospital mortality was 4% [8] ; the Second EuroHeart Failure Survey (EHFS II) had an in-hospital mortality of 6.7% [1] .
Despite the magnitude of the burden of AHF and the intense interest in this dire problem, effective new therapies capable of reducing the prevalence of early mortality or re-hospitalization have not been developed over the past decade [7] . The etiology of AHF is mainly ischemic heart disease (IHD) [9] . Invasive methods in cardiology have significantly expanded in recent years.
The aim of this work is to describe a large population of patients hospitalized for syndromes of AHF, their inpatient therapy and mortality and to assess major risk factors of adverse short term prognosis in terms of frequently used invasive and therapeutic methods. The patients with AHF were systematically sorted according to AHF guidelines [3] .
Materials and methods

Study populations
The Acute Heart Failure Database (AHEAD) registry consists of two independent parts. The AHEAD main registry includes consecutive patients in seven centers with a 24-hour Catheterization Laboratory service and centralized care for patients with acute coronary syndromes (ACS) from a region of about three million inhabitants. The AHEAD network also includes five regional hospitals without a Catheterization Laboratory service. The present work includes only patients from the AHEAD main registry.
The inclusion criteria for the database adhere to the European guidelines for AHF. Hence, there must be the signs and symptoms of HF, confirmed left-ventricular dysfunction (systolic or diastolic) and/or positive response to therapy [3] . The decision on inclusion in the registry and filling the database were done by responsible cardiologists. There was no exclusion criterion. Patients were systematically classified according to the type of AHF (de novo or acute decompensation of chronic heart failure), etiology of AHF (acute coronary syndrome, chronic coronary artery disease, valvular disease, arrhythmia, hypertensive crisis, and so on) and six basic syndromes of AHF defined according to ESC guidelines [3] : 1) acute decompensated heart failure (ADHF -with signs and symptoms of AHF, which are mild and do not fulfill criteria for cardiogenic shock, pulmonary edema or hypertensive crisis); 2) hypertensive AHF (symptoms of AHF are accompanied by high blood pressure on admission and relatively preserved left ventricular function with a chest radiograph compatible with acute pulmonary edema); 3) pulmonary edema (accompanied by severe respiratory distress, with crackles over the lungs and orthopnea with O 2 saturation usually <90% prior treatment); 4) cardiogenic shock (defined as evidence of tissue hypoperfusion induced by heart failure after correction of preload, mostly with systolic BP <90 mmHg ongoing for at least 30 minutes); 5) high output failure (characterized by high cardiac output, usually with high heart rate often caused by arrhythmias, thyrotoxicosis crisis and anemia); and 6) right heart failure (characterized by low output syndrome with increased jugular venous pressure, increased liver size and hypotension).
Atrial fibrillation was defined as arrhythmia at admission and it was not distinguished whether it was a type of paroxysmal, persistent or permanent.
The AHEAD main registry included 4,153 patients hospitalized at seven Cardiology Departments with Catheterization Laboratory facilities in four cities. Data were collected prospectively from September 2006 until October 2009 using a database accessible via the Internet website http://www.ahead.registry.cz, and were evaluated continuously (including in-hospital mortality). The long-term mortality was followed using a centralized database of the Ministry of Health of the Czech Republic and will be published separately. Written informed consent was obtained from all subjects. The study protocol complied with the Declaration of Helsinki, and was approved by the local Ethics Committee of the Faculty Hospital Brno (Brno, Czech Republic).
Statistical analysis
Statistical analyses were performed by the Institute of Biostatistics and Analyses of Masaryk University (Brno, Czech Republic). Standard summary statistics were used to describe primary data, absolute and relative frequencies, median, the 5 th to 95 th percentile range, arithmetic means and standard deviation. The statistical significance of differences between groups of patients in continuous parameters was tested using the Mann-Whitney U test. The Fisher exact test and maximum likelihood c 2 test were applied for the analyses of differences in some of the categories.
The relationship between hospital mortality and its potential predictors was analyzed by univariate logistic regression and described by odds ratios, their 95% confidence intervals (CI) and corresponding statistical significance. Multivariate logistic regression combining expert selection of predictors with a forward stepwise selection algorithm was used for the definition of the multivariate model for in-hospital mortality.
A level of α = 0.05 was used as the boundary for statistical significance in all analyses. Due to the large sample size, all statistical results were interpreted with respect to their clinical significance. Statistical analyses were undertaken using the SPSS 18.0.3 statistical package (SPSS, Chicago, IL, USA).
Results
Baseline characteristics
Of 4,153 patients, 526 (12.7%) died during hospitalization. The median length of hospitalization was 7.1 days (5.5 days for those patients who died and 9.7 days for those who were discharged home) and was identical for men and women.
The baseline characteristics according to the syndromes of AHF of patients enrolled in the AHEAD registry are shown in Table 1 . The difference among individual syndromes in patients with de-novo and acute decompensation of chronic heart failure is shown in Figure 1 . The baseline laboratory parameters are shown in Table 2 . At admission hyponatremia (<130 mmol/L) was found in 5.0% of patients, hyperkalemia (>5.5 mmol/l) in 3.9% of patients and anemia (<120 g/L women, 130 g/L men) in 35.1% of patients. Medications being taken on admission and in surviving patients on discharge from the hospital are shown in Table 3 . When comparing the medication of patients with pre-existing chronic heart failure on admission and at discharge, we observed a significant increase of ACEI (from 58.0% to 67.1%), beta-blockers (from 64.1% to 78.2%), diuretics (from 76.0% to 94.9%), spironolactone (from 41.2% to 71.7%), antiarrhytmics (from 17.5% to 22.0%) and digoxin (from 25.5% to 28.6%) during hospitalization.
Men were younger (68.6 ± 12.4 years) compared to women (75.5 ± 11.5 years) (P < 0.001) and in-hospital mortality was 13.0% for men and 12.2% for women (P = NS). Hypertensive AHF was a more frequent etiology in women than in men (8.5% versus 3.5%; P < 0.01). Men more frequently had ACS (37.1% versus 33.3%; P = 0.01), women had more comorbidities such as chronic hypertension, diabetes mellitus, rhythm disturbances or stroke. Patients with acute decompensation of chronic heart failure (N = 1,693, 42% of all patients) more frequently had comorbidities such as hypertension, diabetes mellitus and atrial fibrillation and their in-hospital mortality was 11.3% while in-hospital mortality of patients with de-novo HF was 14.0% (P < 0.05). Patients with acute coronary syndrome (ACS, N = 1,503, 36.2% of all patients) had lower in-hospital mortality than those without ACS (9.7% versus 18.1%; P < 0.01) and patients <70 years (N = 1,661, 40% of all patients) had lower in-hospital mortality than older patients (10.1% versus 14.4%; P < 0.01). The highest in-hospital mortality was in patients with cardiogenic shock and right acute heart failure; the lowest in-hospital mortality was in patients with hypertensive AHF (Figure 2 ). The most frequent etiologies of AHF were ACS (36.2%), chronic coronary artery disease (19.9%), valvular disease (10.4%), arrhythmias (7.9%) and hypertensive crisis (5.7%). The differences in etiologies between de-novo and acute decompensation of chronic heart failure are shown in Figure 3 .
Coronary angiography and percutaneous coronary intervention in patients with AHF
At admission 29.5% of patients had coronary revascularization by percutaneous coronary intervention or coronary artery bypass grafting in their medical history. During hospitalization coronary angiography was performed in 45.5% of patients, more often in younger patients <70 years old (69.8% versus 55.6%; P < 0.01) and in men (50.6% versus 41.0%; P < 0.001). Coronary angiography findings at the time of discharge were known in 62.6% of hospitalized patients in total. There were significant differences among syndromes of AHF (acute decompensated heart failure -64.7%, hypertensive HF -32.4%, pulmonary edema -66.8%, cardiogenic shock -70%, AHF with high output -28.8%, and right AHF -39.7%; P < 0.001). Percutaneous coronary intervention was performed in 25.3% of patients, in 80.4% of patients with AHF and myocardial infarction with ST segment elevations, in 38.5% of patients with AHF and myocardial infarction without ST elevations and in 4.9% of patients without ACS.
During the course of hospitalization, noradrenaline was used in 19.0%, adrenaline in 8.9%, dobutamine in 10.0%, dopamine in 8.7% and levosimendan in 3.7% of patients. The use of vasopressors and inotropes according to the clinical syndromes is shown in detail in Table 4 . Administration of adrenaline was associated with in-hospital resuscitation (88.3%) and also with high in-hospital mortality (84.4%). Adrenaline only was used in 15% of all administrations; the most often combination was with noradrenaline in 34.7%. Although vasopressors were also administrated to patients with other syndromes then cardiogenic shock, these patients did not meet the criteria for cardiogenic shock according to the attending physicians. They had either no signs of tissue hypoperfusion and the treatment with vasopressors was only short-term with low doses or vasopressors were administered for another indication than cardiogenic shock, such as hemorrhagic shock, septic shock, hypovolemia, and so on. Hemodialysis was used in 2.4% of hospitalized patients, intra-aortic balloon contrapulsation (IABC) was used in 3.5% (N = 144) of all hospitalized patients (according to syndromes: in cardiogenic shock in 79.9% of patients; in pulmonary edema in 9.0% of patients; in acute decompensated heart failure in 11.9%of patients; according to etiology: in patients with ACS in 91.1%; in patients with valvular disease in 4.9%; in patients with chronic coronary artery disease in 4.0%). Pulmonary ventilation was used in 25.0% (non-invasive ventilation in 11.1%, invasive ventilation in 16.1%). There were 94 patients who needed both invasive and non-invasive ventilation mostly because of no clinical improvement after non-invasive ventilation. The use of ventilator support according to the clinical syndromes is shown in Table 5 and the in-hospital mortality according to the type of ventilatory support used is shown in Table 6 . Patients who required invasive ventilation had higher hospital mortality (13.9% versus 52.8%; P < 0.001) which was Table 1 Baseline characteristics of patients according to syndromes of acute heart failure. Syndromes are not known for 97 patients. 2 Overall statistical significance of differences among syndromes is based on Kruskal-Wallis test for continuous variables and ML chi-square test for categorical variables. ACS, acute coronary syndrome; ADHF, acute decompensated heart failure; BP, blood pressure; CABG, coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronisation therapy; ICD, implantable cardiac defibrillator; MI, myocardial infarction; PCI, percutaneous coronary intervention; PM, pacemaker; TIA, transient ischemic attack.
determined above all by heart failure severity. Patients treated by non-invasive ventilation had milder forms of acute heart failure (acute decompensated heart failure 41.0%; pulmonary edema 35.6%; and cardiogenic shock 13.0%) in comparison with patients treated by invasive ventilation (acute decompensated heart failure 13.8%; pulmonary edema 20.0%; and cardiogenic shock 58.6%). We did not find significant differences in age, gender, ejection fraction or comorbidities (hypertension, diabetes mellitus, previous myocardial infarction, or chronic obstructive pulmonary disease (COPD)) between the two groups. Patients requiring invasive ventilation had slightly higher levels of creatinine at admission (median 109 versus 126 μmol/L; P < 0.001).
Cardiogenic shock
In our study, 14.5% (N = 600) of patients were hospitalized with cardiogenic shock. In comparison with patients without cardiogenic shock, we did not find significant differences in age, gender, body mass index (BMI), diabetes mellitus, hypertension or COPD. Denovo acute heart failure was more frequent in patients with cardiogenic shock (68.3% versus 55.2% in patients without shock; P < 0.001) and acute coronary syndrome was the most widespread etiology of shock (61.3% versus 31.1% in patients without shock; P < 0.001). Patients with cardiogenic shock had higher blood glucose (10.8 mmol/L versus 7.7 mmol/L; P < 0.001), creatinine (129 μmol/L versus 107 μmol/L; P < 0.001) and lower blood Figure 1 Syndromes according to acute decompensation of chronic heart failure and de-novo acute heart failure. ADCHF -Acute decompensation of chronic heart failure, ADHF -Acute decompensated heart failure, AHF -Acute heart failure. 
pressure (BP) on admission (110/65 mmHg versus 140/ 80 mmHg; P < 0.001). Patients with shock needed more intense treatment: adrenaline was used in 44.9%, noradrenaline in 73.6%, dobutamine in 36.1% and dopamine in 25.0% of patients; 19.3% of patients received IABC (Table 4) .
Predictors of in-hospital mortality
The univariate and multivariate models of in-hospital mortality predictors are shown in Table 7 . Due to the importance of cardiogenic shock for in-hospital mortality, the analysis was computed separately for patients with and without cardiogenic shock. Pulmonary Table 3 Pharmacotherapy of patients according to syndromes of acute heart failure. Only patients surviving at discharge from hospital (N = 3627). 3 Overall statistical significance of differences among syndromes is based on ML chi-square test. ACE, angiotensin-converting enzyme; AT2, antagonist for type 2 receptor for angiotensin II; Other antiarrhytmics, amiodarone, sotahexal, propafenone.
ventilation and age were important prognostic parameters for patients with and without cardiogenic shock. Severe left ventricular systolic dysfunction and higher creatinine at admission were independent predictors of in-hospital mortality in patients with cardiogenic shock while parameters such as low systolic blood pressure, hyponatremia, low cholesterol and use of inotropes and noradrenaline were negative prognostic parameters only in patients without cardiogenic shock.
Discussion
The AHEAD main registry is one of the largest national observational prospective databases of AHF. The register was designed as multicenter and prospective with long-term mortality follow-up [10] . The data are stored in a format that allows the creation of a single aggregate dataset for research. The same data have been collected for all patients, the characteristics of the data were defined prior to its collection and the data were collected in a systematic and prospective manner. The completion of monitored data was 96%. The comparison of registries of AHF is difficult; therefore, we tried to compare our results with some of them only (ADHERE [8] , ALARM-HF [11, 12] , EFICA [13] , EHFS I [14, 15] , EHFS II [1] , FINN-AKVA [16] , OPTIMIZE-HF [9] ). 
Comparison of populations with AHF
Our study population size is comparable with some of the other registries [1, 11] . The structure of the AHEAD main registry is closest to the structure of EHFS II [1] , FIN-AKVA [16] and ALARM-HF [11] ; the systematic stratification of patients with AHF was based on the guidelines of ESC [3] and the whole spectrum of patients with AHF was covered. The average age of patients with AHF is in the range of 69 to 75 years; women hospitalized for AHF were significantly older than the men. Patients with ACS comprise one third of all patients. A higher percentage of patients with myocardial infarction with ST elevation in the AHEAD main registry was caused by enrollment of patients in specialized cardiovascular centers with a higher frequency of patients with ACS. The prevalence of underlying disease in our study was comparable with that previously reported: chronic hypertension (73.1% versus 54.7% to72%), diabetes mellitus (42.6% versus 32.3% to 46.0%) and atrial fibrillation (26.5% versus 25.0% to 31.0%) [1, 13, 14, 16] . Atrial fibrillation was present slightly more often in patients with acute decompensation of chronic heart failure (HF) (31.8%) than in de-novo HF (22.7%). Generally, we could conclude that a typical man with HF was younger with ACS whereas a typical woman was older than 70 years of age with a non-ischemic etiology of HF.
In-hospital mortality
The overall hospital mortality of 12.7% was comparable with the mortality of ALARM-HF (11%) [11] . A lower hospital mortality was reported in FINN-AKVA (7.1%) [16] , ADHERE (4.0%) [8, 9] , EHFS I (6.9%) [14, 15] , EHFS II (6.7%) [1] and OPTIMIZE-HF (3.8%) [17] . The main differences in mortality were based on different characteristics of the study populations. Cardiogenic shock was diagnosed in only 4% of the EHFS II population, in less than 1% of the EHFS I population, in 2.3% of the FIN-AKVA population, in 11.7% of the ALARM-HF population and in 28.5% of the EFICA population. In our study, 14.7% of the cases had cardiogenic shock. The reported mortality for patients with cardiogenic shock Figure 3 The differences in etiologies between de-novo and acute decompensation of chronic heart failure. ADCHF -Acute decompensation of chronic heart failure, De-novo -Acute heart failure de-novo. Table 4 Pharmacotherapy by vasopressors and inotropes according to the syndromes of acute heart failure. was 28.6% in the FIN-AKVA study (but only 14 patients had cardiogenic shock), 43% in ALARM-HF, 39.6% in EHFS II and 57.8% in EFICA. In our study, the in-hospital mortality of patients with cardiogenic shock was 62.7%. Lower mortality was seen in patients with denovo HF (58.8% versus 71.7%; P < 0.01) and in patients under 70 years old (53.3% versus 68.9%; P < 0.01). The higher number of patients with cardiogenic shock in the AHEAD registry is determined by centralized care for patients with ACS and severe forms of heart failure in cardiovascular centers which were included in the AHEAD main registry. The patient's mortality is influenced by the severity of heart failure which could be expressed by the need for vasopressor administration. For example, in EHFS II with a mortality of 39.6%, noradrenaline was administered in 24% of patients with shock, while in the AHEAD registry (mortality 62.7%) the administration of noradrenaline was required in 73% of patients. On the other hand, very low in-hospital mortality was recorded in patients with hypertensive acute heart failure (2.2%) or in patients with acute decompensated heart failure (2.5%). Patients enrolled in clinical trials are usually younger, male, have fewer comorbidities, are appropriately treated and have a better prognosis than 'real life' patients. Therefore, data from international and/or national registries reflect more precisely the reality and can provide important information. The same information can be found in the AHEAD main registry (even though more men than women were included in this registry).
Coronary angiography and percutaneous coronary intervention in patients with AHF
Acute coronary syndrome and chronic ischemic heart disease together accounted for 56.1% of the etiologies of AHF in the AHEAD main registry. A total of 29.5% of patients with AHF had percutaneous coronary intervention (PCI) or coronary artery bypass grafting in their medical history. Recent results of coronary angiography were known in 17.5% of the admitted patients. Coronary angiography was performed in 45.5% of the hospitalized patients. At discharge coronary angiography findings were known in 62.6% of the patients, more often in patients with ACS (87.2% versus 47.1% in patients without ACS). During hospitalization PCI was performed mainly in patients with ACS; only 4.9% of patients without ACS were treated by PCI. In comparison Overall statistical significance of differences among syndromes is based on ML chi-square test. ADHF -Acute decompensated heart failure, AHF -Acute heart failure, NIV -non-invasive ventilation. Table 6 Hospital mortality according to the ventilatory support used and syndromes of acute heart failure. Statistical significance of differences in mortality among ventilaton categories is based on ML chi-square test.
Percentage in brackets indicates the number of deaths from the total number of patients with the clinical syndrome and ventilation mode from Table 5 . ADHFAcute decompensated heart failure, AHF -Acute heart failure, NIV -Non-invasive ventilation.
angiography was done in 36.5% of the study population from EHFS II [1] and any revascularization (thrombolysis, PCI or CABG) was performed in 62% of the patients with myocardial infarction with ST elevation in the same study. The OPTIMIZE-HF registry evaluated 48,612 patients hospitalized for HF. In that registry coronary artery disease (CAD) was strongly associated with short-and long-term prognosis [17] . It is quite surprising that only 949 patients (<2%) underwent coronary revascularization during the index hospitalization in this survey.
Predictors of in-hospital mortality
We divided patients into those with cardiogenic shock (N = 600) and very high mortality (62.7%) and those without cardiogenic shock (N = 3,553) with low mortality rate (4.2%). That was similar to the ADHERE registry [8, 9] and even lower than in the ESHF II registry [1] . Using univariate logistic regression analyses we defined all parameters that were related to in-hospital mortality. Cardiopulmonary resuscitation and the use of adrenalin were excluded from the models. Patients with cardiogenic shock who were over 70 years old, with ejection fraction (EF) <30%, with renal insufficiency and treated with invasive pulmonary ventilation were at high risk of mortality. Age over 70 years, low systolic blood pressure, low cholesterol level, hyponatremia, hyperkalemia, the use of any inotropic agents and norepinephrine and the use of invasive pulmonary ventilation were independent predictive parameters for in-hospital mortality in patients without cardiogenic shock. In the OPTIMIZE HF registry [17] , the strongest predictor of mortality in 48,612 patients were low systolic BP, hyponatremia, high levels of creatinine, and left-ventricular dysfunction [18] .
Treatment
According to our results, there were only 64% of patients who had been treated with beta-blockers and 58% of patients treated with ACEI in the group with pre-existing knowledge of heart failure on admission. These data are comparable with other registries (EHFS II, FIN-AKVA, OPTIMIZE-HF). In comparison with admission, at discharge there was a significant increase in all classes of drugs indicated for the treatment of heart failure ( Table 3 ). The most common causes for not recommending the optimal medication at discharge were as follows: a tendency to hypotension at discharge, a tendency to bradycardia at discharge or instability of patients transferred to another department. Lack of the optimal medication at discharge could be a cause of recurrent acute decompensation but, at the same time, intolerance of these drugs, particularly the tendency to hypotension, is an adverse prognostic marker. We found the total frequency of IABC use to be comparable with other registries (range of other registries 0.5% to 4.9%, AHEAD 3.5%) but the device was used less in patients in cardiogenic shock (range 22% to 40%, AHEAD 19.3%) [1, 11, 16, 19, 20] . The reason for less frequent use is not clear as IABC is commonly available in all hospitals with a Catheterization Laboratory without any restrictions on use. The use of IABC is recommended in the presence of hemodynamic impairment when low coronary perfusion is suspected (particularly with those in cardiogenic shock and with mechanical complications during ACS).
Study limitations
The results presented here are only from hospitals with a Catheterization Laboratory service (AHEAD main). Results from regional hospitals participating in the AHEAD network are not included. This could have led to a higher contribution of patients with ACS and a high percentage of patients who had undergone coronary angiography and PCI during hospitalization. Despite recommendations at the beginning of the study, natriuretic peptides levels were determined in only half of the patients.
Conclusion
The AHEAD main registry provides up-to-date information on the demographic characteristics and the underlying conditions of AHF patients as well as the etiology, investigation, treatment and prognosis of AHF in a country with centralized care for ACS and with a high percentage of patients who had received angiography and coronary revascularization. The AHEAD registry clearly demonstrates the gender differences of the patients admitted with AHF: women were older with higher SBP and more frequently preserved EF. The prognosis of those with cardiogenic shock was poor; the prognosis of patients with AHF without cardiogenic shock was similar to that observed in other reports. We defined the predictors of in-hospital mortality, since these parameters should alert the physician to patients at high risk of mortality.
Key Messages
• The most frequent etiologies of acute heart failure in hospitalized patients were ACS (36.2%), chronic ischemic heart disease (19.9%), valvular disease (10.4%), arrhythmias (7.9%) and hypertensive crisis (5.7%).
• The overall in-hospital mortality was 12.7%. Patients with acute coronary syndrome had lower mortality than those without ACS (9.7% versus 18.1%). The highest mortality was in the patients with cardiogenic shock (62.7%) while there was a very low mortality in patients with acute decompensated heart failure (2.5%) and hypertensive acute heart failure (2.2%).
• We found a frequent use of invasive methods: during hospitalization coronary angiography was performed in 45.5% of patients, percutaneous coronary intervention in 25.3% and intra-aortic balloon contrapulsation was used in 19.3% of patients with cardiogenic shock.
• Age >70 years, ejection fraction of left ventricle ≤30% and mild renal insufficiency with creatinine at admission >120 μmol/l were adverse prognostic parameters in patients with cardiogenic shock.
• Age >70 years, systolic blood pressure ≤100 mmHg at admission, hyponatremia (Na + ≤130 mmol/l), hypocholesterolemia (cholesterol ≤3 mmol/l), hyperkalemia (K + >5.5 mmol/l) and the use of invasive ventilation, inotropes and vasopressors were adverse prognostic parameters in patients without cardiogenic shock.
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